Currently, the number of patients with neurological diseases is increasing, especially those older than 65 suffering from Alzheimer's disease. This development increases the emphasis on understanding and mapping treatment and care processes, not only for the elderly. Service providers (of both treatment and care) are under general pressure to decrease charges and maintain or improve existing levels of care. This situation is significantly influenced by a comprehensive knowledge of the whole process and its values. This publication therefore aims to describe the fundamental procedural aspects of caring for patients with Alzheimer's disease, using Business Process Model and Notation (BPMN). It also aims to show the possibilities of using BPMN in the description of treatment and care. Modeling of the business process is more frequently being applied not only by businesses but also by scientists involved in process models. It is used to model medical topics, with approximately 10% of its publications only, and most of these publications deal only with clinical pathways, not with overall treatment and care processes. However, the BPMN model allows the whole process of medical and nonmedical care for patients with Alzheimer's disease to be described, including the decomposition of partial activities into individual threads and sub-processes or atomic tasks. This paper presents the BPMN modeling and mapping of the specific care path for neurodegenerative patients. The text provides a new perspective on the BPMN modeling of Alzheimer's disease. The presented model offers the option of expanding treatment cost calculation to simulate the process using graphical tools and languages. The overall view of this system creates a much more complex concept of the system and its surroundings.
Introduction
The dimensions and structure of the population will continue to be subject to dramatic changes due to both low birth rates and the constant increase in life expectancy. This trend will have a significant influence on the composition and, above all, care of the population. It is necessary to specify the processes of care in terms of both the continually increasing receivables and the increasing number of persons in need.
Approximately 50 million people in the world are affected by dementia [1] . This value will probably grow to 152 million by 2050. It is well known that dementia is an age-related disease. More than 200 subtypes of dementia have been identified, and more than half of dementia cases are induced by Alzheimer's disease (AD). The possibility of an AD outbreak rises 14-fold for people between the ages 65 to 85 and affects more or less 47% of people older than 85 years of age [2] . The gradual deterioration of cognitive functions characterizes this disease. Understanding, describing, and illustrating the processes of caring for and treating Alzheimer's patients is a significant problem in many institutions and societies.
This research study aimed to create a process model of treatment procedures and supplementary care processes for patients with Alzheimer's disease. The presented model includes processes applicable to all three phases of the disease, pharmacological and non-pharmacological treatments, and home and institutional care processes. The identification of individual steps and their construction is necessary for the following applications: costing and simulation, predictive quantitative models, and preferential simulations. In addition to pharmacological-neurological questions, two other key questions need to be asked with regard to Alzheimer's disease. The first is, how much do treatment and patient care cost? The second question is, how many Alzheimer's patients are there, and how many will there be in the future? Patients with AD are often treated with and assigned to other patient groups, so there are no exact figures relating to these patients. These issues are critical for health insurance companies, care center founders, and welfare offices. The process model presented in this article will be provided to these authorities, along with other findings. The calculations for the costs of activities have already been published and are briefly described in the paragraph below. The process model presented in Section 4 contains a significant number of decision nodes. In further research, we will build on the existing model by linking the Business Process Model and Notation (BPMN) model with fuzzy approaches. This approach will serve as a basis for the decision-making of individual agents in multi-agent simulations, which should complement and summarize the present contributions to AD questions in the Czech Republic.
The issue of modeling Alzheimer's disease processes and treatments has been addressed in various ways; some are listed in the "Related Works" section of this paper. Our research group has been working on Alzheimer's models for several years, during which time we have cooperated with University Hospital Hradec Králové, nursing facilities, as well as health insurance companies. The first results of our research described the use of system dynamics to estimate the population of Alzheimer's patients and predict the development of these patients [3] [4] [5] [6] [7] . These estimates were crucial indicators influencing the planning of care-center capacities and proposed state and private funding. Subsequently, our group began to investigate the financing of care and treatment from an overall perspective. There are cost values for some activities and some items in the healing and nursing process, but there is no overall view or simulation environment. Therefore, our group developed a simulation model using BPMN and linked it to activity-based costing (ABC) in a simulation model [8, 9] . However, the preparation of this model demonstrated how few scientific papers are devoted to the description and modeling of treatment and care for Alzheimer's patients. The numbers of publications found in a search for the keywords "BPMN" and "Alzheimer" are shown in Table 1 . The search was undertaken without evaluating the relevance of the results. The low number of publications we found led us to the goal of this article: to describe the fundamental procedural aspects of caring for patients with Alzheimer's disease using Business Process Model and Notation, and to show the possibilities for using BPMN in the description of treatment and care.
The rest of this paper is organized as follows. Section 2 provides a discussion of related works. Section 3 presents the theoretical background. The first part introduces Alzheimer's disease and the second part describes business process management and BPMN. Section 4 describes the BPMN model of Alzheimer's treatment and care. The process presents the individual steps and activities of treatment and patient care for all three stages of the disease. Section 5 presents the limits and benefits of this study. Section 6 presents the conclusions reached by this study.
Related Works
Treatment and patient care processes are hot topics as a result of the increasing numbers of elderly and sick people. Many authors are involved in publications on this topic, and several approaches have been used. The purpose of the study in [10] was to recognize, organize, and explain the observed requirements of older dementia patients through the care process. Rinner et al. [11] used the process mining approach to show how existing clinical data collected during melanoma monitoring can be prepared and preprocessed to be reused for process extraction. The article by Martínez Pérez et al. [12] focuses on introducing to the intensive care unit (ICU) a core service with unique features that automates and monitors admissions, care plans, vital signs monitoring, directing, and medication delivery to patients in the ICU. In [13] , the authors describe the contentment of the patients with pre-hospital emergency know-how. They focus on deciding if patients and specialists share a comparable vision of welfare assumptions. Authors in [14] present the use of technology-based in-home care as a potential benefit, such as improving the quality of care. This approach means a full concentration on the patient's role in controlling their fitness and more extensive patient commitment in the treatment.
Healthcare and patient care is a topical issue, which is currently solved not only in terms of knowledge of processes but also in the solution of financial and human resources [15, 16] . The arrangement of procedures and capital allocation for operations has a significant role in reaching the expected service level and profitability. Different approaches and applications have been used to work in this area. The authors in [17] presented research on four medical applications. Each application had to use clinical and administrative functions. The research results were then used to determine the requirements for the development of a new application. Already in 2007, the authors in [18] put forth that process mining can be successfully used to support the discovery of processes in the healthcare sector [19] . The goal of process mining is to analyze the complex temporal relationships between activities and resources involved in processes [20] . García et al. [21] used process mining for analysis and modeled processes in the Emergency area. Authors in [22] proposed a methodology for identifying and mapping patient flows through the extraction process. Pereira Detro et al. [23] offer a process model adapting the method based on ontology and process mining. In [24] , a process extraction and machine learning approach for electronic health record (EHR) analysis with discrete event simulation (DES) and queuing theory was proposed.
Alzheimer's disease has been predominantly studied from the perspective of chemistry and medicine [25] [26] [27] [28] [29] [30] . Since so much is unknown about AD, some articles seek to predict these unknowns [3] [4] [5] 31, 32] , while others use artificial intelligence or advanced decision-making methods to address related issues [33] [34] [35] . Research on AD is also very closely associated with the financial costs of treatment, so there are many publications in this area as well [36] [37] [38] [39] [40] [41] [42] . In the field of IT, for example, modern technologies are presented for Alzheimer's disease in training programs, assistive technologies, intelligent environment, etc. [43] [44] [45] [46] . The use of modeling techniques to calculate the cost of treatment for AD is relatively unique, we can mention for example, the works [7-9,47-49] .
Theoretical Background

Alzheimer's Disease
Neurodegenerative diseases are most often caused by Alzheimer's disease (AD) [50, 51] . Neurodegenerative diseases are untreatable and debilitating conditions that result in the progressive degeneration or death of nerve cells, which causes problems with movement (ataxia) or with mental functions (dementia). Dementia is responsible for the most significant share of the disease, with Alzheimer's disease accounting for approximately 60%-70% of cases.
AD is a prolonged illness represented by sneaking inception, which may not be apparent at first glance. In the case of a typical course, it is a rather lengthy illness. Generally, the length of disease ranges from 6 to 16 years, but this is wholly dependent on the individual case. People with AD gradually experience various difficulties with memory, continuing to experience problems in communication and everyday life. In the final phase, the patient needs complete assistance from others.
Alzheimer's disease can be diagnosed by many different medical examinations. The primary tool is magnetic resonance imaging, which monitors brain changes. Infrequently, cerebrospinal fluid or blood are also examined. The Mini-Mental State Examination (MMSE) is used as a first examination, representing a compromise approach [52, 53] . A psychiatrist asks the patient a sequence of questions to test their scope of ordinary cognitive abilities. The scale of this test is from 0 to 30 points.
Three primary stages of AD will be presented in this section. Symptoms are taken from [54].
1.
Stage-Mild Alzheimer's disease (early stage) lasts up to 4 years: difficulty in dealing with new experiences (e.g., in new premises), problems with short-term memory; more trivial errors from an inability to maintain attention, difficulty with complex logical operations, and mood swings to obsessive states; beginning communication problems.
2.
Stage-Moderate Alzheimer's disease (middle stage) is in the range of 2-10 years from the onset of the disease: difficulty in performing routine activities, difficulties remembering known places, inability to concentrate, forgetting what one wanted to do, need for assistance in dressing/personal hygiene, psychological problems including entering into hallucinogenic and delusional states, almost inoperative short-term memory.
3.
Stage-Severe Alzheimer's disease (late stage) breaks out within about 7-14 years of disease. This is the final degree of the disease, ending with the patient's death. The patient is already fully dependent on the environment, has absolute memory loss, inability to perform the simplest activities, has need of food assistance, personal hygiene, apathetic and latent states.
Business Process Management
Business process management is a management discipline focused on using business processes to obtain the company's objectives.
BPMInstitute.org [55] defines business process management as the definition, improvement, and management of a firm's end-to-end enterprise business processes to achieve three outcomes crucial to a performance-based, customer-driven firm: (1) clarity on strategic direction, (2) alignment of the firm's resources, and (3) increased discipline in daily operations.
The Business Process Model and Notation
The Business Process Model and Notation (BPMN) is a visual notation that allows modeling of the manner of business behavior. This approach has been specially constructed to coordinate the timeline of activities between different process participants [56] .
The book [57] describes BPMN as a language for creating business process models. It is a standard for modeling business processes. The Object Management Group (OMG) was created as an open resource, and is therefore free of charge. BPMN looks very similar to flowcharts but instead offers much more sophisticated tools to describe and simulate behavior. BPMN makes it possible to model not only the desired behavior of a process, but above all other situations and exceptions that can occur. Another very significant feature of BPMN is its "user-friendly" orientation. For comparison, we can focus on the Unified Modeling Language (UML) and its Activity diagram, which is often used to model the same situations. However, unlike BPMN, UML is an orientation in IT usage. In this case, BPMN offers a more intuitive and logical application in normal situations [58] [59] [60] . BPMN is one of the BPM (business process management) tools defined in [61] as a "combination of methods, techniques, and tools to discover, analyze, redesign, execute and monitor business processes."
The use of BPMN is defined in the Reference Manual [62] . Elements are also logically structured into groups, depending on how they can be used in modeling and what they represent in the diagram.
•
Flow objects are the crucial components used to describe the action of the business process. This group includes three main elements: Events, Activities, and Gateways. Events serve to model the "Something Happened" situation. They are always labeled with a circle where their shape and the symbol inside specify the type of event. By activity is meant the work that is built into the process. The atomic activity is the task; more complicated is the sub-process (can be decomposed into individual tasks or sub-processes). The gateway serves to control the flow of the process when the process fibers are merged or split. Gates do not represent any work or action during the process.
Swimlanes are used to identify the boundaries of the communication objects. The pool is used to view the process or participant, and the Lane can be used to split the Pool into other parts.
Connecting objects are used to connect different BPMN elements in different locations-the notation comprises three main types: Sequence, Message, and Association Flow. Sequence Flows mean process progress. For this reason, the boundaries of one Pool can never be crossed. Message Flows serve to illustrate communication between individual participants or Pools. The Association Flow connects information and artifacts with other BPMN elements.
One of the necessities in modeling processes is the ability to model work with data objects (physical or information) in terms of their creation, change, and manipulation. These elements that are meant to be stored or mediated during the process are named as Artifacts.
The BPMN Process of AD Patients' Treatment and Care
The process of treating patients with Alzheimer's disease and providing the necessary care is a complex and variable problem. It requires a great deal of soft data and previous practice. From interviews with competent persons, it was found that no precise plan was set for such a changing process. Therefore, from these interviews, we have compiled with these experts the overall process of medical and non-medical care for Alzheimer's patients, which allows the future extension to process simulations and comparison with the outputs of the process mining analysis. The length of the particular stages of the disease cannot be determined in the process, and therefore, possible changes in the patient's state are conditioned by the MMSE test's values.
Each AD phase has a differently defined activities complexity. Medicaments are usually changed with disease progression and changes in the type of patient care. In the early stages of the disease, the focus is on slowing the disease progression and patient's conservation in a normal life mode. In the next steps, care is more focused on minimizing impacts and quality of life.
The overall model describing the main activities is presented below.
The BPMN Process of Medical and Non-Medical Care
The process of medical and non-medical care of Alzheimer's disease patients (shown in Figure 1 ) begins with the indication of initial symptoms (the Start event). After the initial examination, care is initiated according to the severity of the symptoms found or the specified stage of the disease. Sub-process treatment begins with a medical examination, after which the process can decide in which of the three phases the patient is located. This corresponds to initiated treatment and care. The process then follows a decision node that either terminates the sub-process, completes the third final stage of the disease, or resumes the medical examination process and repeats the cycle. Due to the incurability of the disease, a patient's death ends the treatment and care. 
Sub-Process: Initial Examination
A patient with suspected Alzheimer's disease enters the "Initial Examination" thread, where necessary neurological and psychiatric examinations are performed. This thread is shown in Figure 2 . Blood and cerebrospinal fluid are also examined in this path. All screenings are split in parallel at the beginning of the process, and after their merging, the MMSE score is determined. 
Sub-Process: Medical Examinations
The "Medical Examinations" path shown in Figure 3 contains the activities associated with the medical tests that are necessary for the patient's examination during the illness. It is an archetypal parallel split into four sub-processes. Figure 4 shows treatment with different types of drugs during the disease phases. Each phase requires the administration of specific medications. At the beginning of the process, the course of activity is branched to start treatment with Prozac and determine the MMSE score. The branch is divided according to the MMSE test result. If there is a drop of more than 2 points of the MMSE score, the process is terminated. In the case of a minor decrease, appropriate treatment is started according to the MMSE score. After this treatment, the MMSE score is determined again, and the cycle is repeated. The "Professional Care" activities shown in Figure 5 include patient care resources that are performed by healthcare professionals. All sub-processes run in monthly cycles. At the beginning of the sub-process, it is decided whether care will be provided by being placed in a specialized facility or by a home care solution. The main home care activities are "Complex Care and Rehabilitation" activities, whose costs vary according to the MMSE score. In the case of home care, it is necessary to provide activities such as music therapy, rehabilitation, or other activation activities. Another part of home care is the "Other Cost Activities" sub-process. The second part of the flow, which is the first gateway allocated in this thread and stands alone, is placing the patient in a specialized facility for patients with Alzheimer's disease. 
Discussion
The contribution is limited by available information on the course of treatment and care of Alzheimer's patients in all three stages of the disease. Data were obtained from available literature and legislative standards for the Czech Republic, from interviews with doctors of the University Hospital in Hradec Králové and standardized regulations of health insurance companies and care facilities. The text presents an overview of a comprehensive model of treatment and care of patients with Alzheimer's disease using BPMN. It is therefore limited to a static description of activities during the illness. The model was used for simulation analysis using the activity-based costing method, and we expect further use for comparison with the outputs of process mining data analysis.
The benefit of this publication is shown in the demonstration of the use of BPMN to illustrate the complex process of treatment and care of Alzheimer's patients.
Conclusions
This paper presents the application of BPMN to the process analysis of Alzheimer's disease. The created model shows the current course of the care process in the Czech Republic. The proposed model was developed based on interviews with doctors and care providers as well as available legislation. The model could be extended to include cost care items during the three phases of Alzheimer's disease. According to the proposed model, the simulations would allow us to determine the average cost of care for Alzheimer's patients in the Czech Republic.
In the BPMN model, it is planned to specify the conditions of transition between different stages of the disease and to diagnose and treat the individual symptoms. In this model, it would be possible to simulate different disease patterns at different time intervals. Currently, there is insufficient detail to describe the course of the disease and its formulae. This approach can therefore be seen as a detailed insight and a proposal for a path to interdisciplinary research on the border of medicine and the economy supported by IT simulations. 
